A b s t r a c t e performance of a culture based assay, BacLite™ Rapid MRSA for the rapid detection (5 hours) of methicillin resistant Staphylococcus aureus (MRSA) from specimens (n = 377) obtained from nares, throat, wounds and perineum was investigated. Compared to culture based reference methods (chromogenic MRSA ID (bioMerieux)), selective enrichment broth, PBP2' latex agglutination (Oxoid) and VITEK 2 identification (bioMerieux), an overall sensitivity of 71% with a 82% specificity and a negative predictive value (NPV) of 95% was provided.
Active screening and compliance to appropriate infection control activities have been shown to play an important role in the control of MRSA (Kluytmans, 2007) . Rapid diagnostic tests have the potential to make e orts even more e ective. us, infection prevention has taken a step forward with the introduction of various tests for rapid identification of MRSA carriers and infections (Harbarth et al., 2006) . However, a variety of increasingly sophisticated DNA-based tests have been developed to detect MRSA more rapidly (Francois et al., 2003; Huletsky et al., 2004) . Most of these assays are based on the detection of Staphylococcus aureus specific sequences and the mecA gene. Despite the technical improvements in molecular based assays, their high cost and relatively high operator skill requirement remains obstacle to their widespread routine use. In addition, in a metaanalysis of ten studies on the e ect of MRSA detection by rapid molecular screening tests compared to culture alone, no evidence was found on the e ect of rapid testing on hospital-acquired MRSA infections and acquisition rate (Tacconelli et al., 2009) . However, one problem might be the high sensitivity by amplification of bacterial sequences leading to an overestimation of MRSA colonization. is is assay immanent, since bacterial sequences were detected and not viable strains.
e present study describes the evaluation of a commercially available rapid culture based test -the Baclite™ Rapid MRSA test -which has been developed to detect cipro oxacin resistant MRSA strains within 5 hours.
is new test was compared to a second generation chromogenic agar media combined with a selective enrichment broth for detection of viable MRSA. Sensitivities and specificities of the reference method were nearly that found for molecular methods (Perry et al., 2004; Reverdy et al., 2005) .
e Baclite™ Rapid MRSA test measures Adenylate Kinase (AK) activity, which is an essential house keeping enzyme found inside all cells, which regulates energy provision by catalyzing the equilibrium reaction of ATP + AMP → 2 ADP. By supplying purified ADP in vitro, the reaction can be driven to generate up to thousands ATP molecules per minute. e amplified levels of ATP produced during minutes can then be measured using the bioluminescence reaction of fire y luciferase. In the present assay, AK detection is combined with selective broth enrichment, magnetic microparticle extraction and selective lyse of S. aureus to add target organism specificity. In the extraction step, paramagnetic micro-particles coupled with a mouse antiStaphylococcus aureus monoclonal antibody are used to capture MRSA. e unbound fraction is removed by washing procedures. Capture and washing occur as automated steps inside the automated wash module. In the lyses step, a reagent containing lysostaphin and ADP is added and the S. aureus in the sample lysed to release AK. e AK then catalyses the conversion of ADP to ATP (Squirrel et al., 2002) .
Up to now, only a few studies were done with the Baclite™ Rapid MRSA assay. One study has dealt with its reliability to discriminate MRSA from a well characterized S. aureus strain collection (Von Ei et al., 2007) , and two others analyzing the clinical performance for nasal and groin swabs (O'Hara et al., 2007; Johnson et al., 2006) . However, no data exists on the overall sensitivity and specificity of this new assay for the detection of MRSA from swabs obtained from the perineum and the side of chronic wound infection.
is is of interest, since national hygiene guidelines for the surveillance of MRSA also provide swabbing of the perineum and chronic ulcers as potential sides of MRSA colonization. ese sides have the diagnostic disadvantage of a high density of multiple microbial bystanders potentially interfering with the sensitivity or specificity of culture based MRSA tests.
In the present study, swabs were collected from the anterior nares (n = 143), the throat (43), the perineum (113) and chronic ulcers (78). All swabs (cotton swabs with non-charcoal Amies transport medium, bioMerieux, La Balme Les Grottes, France) were taken as part of routine screening for MRSA colonization or infection according to the German national guideline for the infection control policies (www.rki.de). Specimens were transported rapidly and tested on the same day of sampling. Two single swabs from each site were elected, one for the Baclite™ Rapid MRSA assay and the second one for the culture reference methods.
A ow diagram of the processing protocol for swabs is depicted in Fig. 1 : one swab sample was first spread on chromogenic MRSA ID™ medium (bioMerieux) and then washed out in a selective MRSA-Ident™ bouillon containing cefoxitine/sulbactam (Heipha). A er incubation at 37°C for 18-24 hours, green colonies on MRSA agar were regarded as presumptive S. aureus isolates.
e selective broth was plated on chromogenic MRSA ID and then incubated for an addition 24 h to increase sensitivity for detection of MRSA. S. aureus isolates were confirmed and identified using the PBP2' latex agglutination test (Oxoid), a coagulase test (Oxoid) and the Vitek 2 identification and resistance testing system (GP card and AST-P554 card, bioMerieux).
e second set of swabs was processed by the Baclite™ Rapid method according to the manufactures instructions. MRSA plates were inoculated first followed by the Baclite™ Rapid MRSA assay within 2 hours to avoid processing delay. Positive and negative control strains (MRSA and MSSA) were included as procedural controls in each run. Swab samples were vortexed in the proprietary Baclite™ selective broth (containing cipro oxacin (6 mg/L) for two times and followed by an incubation period for 2.5 h at 37°C. Before the assay procedure was continued, the selective broth was subcultured on MRSA ID. is was done to evaluate the selectivity of the broth and to confirm the results of the rapid MRSA assay. However, following the manufactures instructions, MRSA were captured and washed in the Baclite™ sample processor. e bound fraction was resuspended in the selective broth and aliquots of each sample were placed into two adjacent wells of a 96 well assay plate. One well of each sample was used to determine a baseline signal in the Baclite™ reader. A er a further incubation period of 2 hours at 37°C, the second well for each sample was processed in the same way. e result was determined by subtraction the second from the first result and scored automatically as positive or negative to a so ware embedded algorithm.
Of the 377 surveillance specimens, S. aureus MRSA was isolated and confirmed from 49 samples by the reference methods. By the Baclite™ MRSA test, 89 of the samples were positive and 288 were detected as nega- tive. Since 35 out of the 49 confirmed MRSA samples were detected by the Baclite™ assay, 14 results were defined as false negative and 40 as false positive. From these data, a diagnostic sensitivity of 71%, a specificity of 82%, positive and negative predictive values (PPV and NPV) of 47% and 95%, respectively, were calculated from all sample results (Table I) . Specificity, sensitivity, PPV and NPV for nares, chronic wounds and perineum were also calculated and given in Table I . e statistical performance of the test did not depend on the side of swabbing.
However, in 12 samples defined as MRSA negative by the reference methods, MRSA was confirmed, when the enriched Baclite™ broth was subcultured onto MRSA ID agar. When these samples were included in the statistical performance of the Baclite™ MRSA test, an overall sensitivity of 77% with a specificity of 87% was calculated for the new MRSA assay.
Hospitals and other health care facilities across the world are faced with alarming rates of infections caused by MRSA. Continuous spread of this pathogen requires efficient strategies for infection control, moreover since a 16-times higher transmission rate was suggested for MRSA carriers which are not subjected to contact isolation (Jernigan et al., 1996) . However, conventional screening methods -as shown in the present study -require prolonged incubation and confirmatory testing up to 48 hours. During this time MRSA negative patients may be held in unnecessary isolation, whereas unidentified MRSA-positive individuals remain a hidden reservoir for cross-infection. To reduce the time taken for this evaluation, wards were selected (e.g. patients with previously reported MRSA in the last 3 months, chronic ulcers, antibiotic use in the last month) thus increasing the apparent prevalence of MRSA in the hospital. In this context, rapid identification or exclusion of MRSA colonization is essential for the e ective control of MRSA. e majority of MRSA screening is carried out in clinical microbiological laboratories using culture based methods with or without prior broth enrichment. Broth based enrichment media enhance test sensitivity (Nahimana et al., 2006; Nonho et al., 2009) , but adds an extra day to testing. As in the present study, the chromogenic MRSA ID agar medium supplemented with 4 mg of cefoxitin/L is a widely used screening medium for MRSA. Although there is no one solid medium that is clearly superior, MRSA ID has demonstrated specificities and sensitivities of > 90% when compared to mecA PCR (Perry et al., 2004; Reverdy et al., 2005) . Since an additional broth enrichment was used, the sensitivity and specificity of the reference methods is suggested to be similar to PCR methods.
Compared to the reference methods, a high NPV (95%) of the Baclite™ Rapid MRSA test was obtained allowing negative results to be confidently reported within 5 h. In this view, our results are in line with the assay evaluation by Johnson et al. (2006) reaching a NPV of 98.7% for nasal screening swabs using mannitol salt agar plates containing oxacillin (MSAO agar) as a reference method. e diagnostic specificity and sensitivity for nasal swabs in our study was given with 70 and 84%, respectively, and therefore lower (94.6% and 96.9%, respectively) as published by O'Hara et al. (2007) . However, as negative samples make up the vast majority of MRSA screening tests particular in wards with a low MRSA prevalence, the high NPV evaluated for the Baclite™assay might represent a significant benefit to laboratories and the hygiene management. In contrast, in clinical settings with a high MRSA pressure, screening methods with a higher sensitivity and PPV should be used.
A useful feature of the assay is that it has been designed to retain a sample of the broth containing enriched MRSA from which to perform direct sensitivity tests and confirm presumptive positive or negative results. However, there were 12 Baclite™ MRSA positive samples confirmed by MRSA ID from the enriched selective Baclite™ broth, which were negative by the reference method. Although they were classified as "false positive" as the results were distinct from the reference method, they could not be considered as false positive in the usual sense of the term. When these samples were included in the statistical performance of the Baclite™ MRSA test, an overall sensitivity of 77% with a specificity of 87% was calculated for the new MRSA assay. e better performance of the Baclite™ test in these samples compared to the reference might be due to two major (Kljakovic, 1992; Kingsley and Winfield-Davies, 2003) . As observed by Johnson et al. (2006) cipro oxacin sensitivity of Staphylococcus aureus usually found in community acquired MRSA (CA-MRSA) could be a reason for the failed detection by the Baclite™ assay. However, the frequency of CA-MRSA was 1.74% of all MRSA isolates in a German study, and therefore far less than reported from the USA (Witte et al., 2007) . In general, cipro oxacin supplemented medium seem to be a useful method for the detection of cipro oxacin resistant MRSA. As shown by Davies and Zadik (1996) , cipro oxacin (8 mg/L) supplemented Baird-Parker medium (BPC) demonstrated a higher sensitivity for selection of MRSA than methicillin-supplemented mannitol salt agar (MMSA).
e material costs of the Baclite™ are near to 15 EURO per single test, which is higher than a culture based method (around 1 EURO), but lower than commercial molecular based tests (> 20 EURO) (Tacconelli et al., 2009 ). e Baclite™ test requires a relative low level of expertise and can be performed by a trained laboratory assistant, whereas the skill mix required to operate a PCR system may not be readily available in the diagnostic laboratory.
Taken together, we report a non molecular MRSA screening test, which is useful for the detection of MRSA from nares, throat, chronic wounds and perineum within 5 h and retains the advantages of a culture-based method. However, since the test has a high NPV of 95% but is less sensitive and specific for the detection of cipro oxacin resistant MRSA, the Baclite™ Rapid MRSA test seems to be more useful for wards with a low MRSA prevalence.
